The perfect preservation of objects, including food items, found in the houses of the Roman town of Herculaneum provides a unique perspective on the relationship between the state of health and nutrition in Roman times. The link between epizoonosis and the use of goat cheese has already been demonstrated. In this study, we show that other foods were also microbiologically contaminated, and that the Romans were continually exposed to alimentary sources of human illness. However, anthropological analysis of the skeletons of Herculaneum has shown a low prevalence of non-specific bone inflammation. We demonstrate that pomegranates and figs, consumed primarily in dried form, were invariably contaminated by Streptomyces spp, a bacterium that produces natural tetracycline. Histological analysis of the human bones from this site demonstrates a fluorescence typical of this substance. The tetracycline-labeled human bones show that the Roman inhabitants of Herculaneum were in the habit of eating foods contaminated by streptomicetes; this fact may explain the very low frequency of non-specific inflammatory bone pathologies in the living population. This interpretation fits with the therapeutic recommendations by several Roman physicians that preserved fruits be used to treat some inflammatory diseases.
The violent volcanic erpution of Vesuvius which occurred during the night of August 25 t h, 79 AD, buried the Roman town of Herculaneum under meters of ash. Most of the inhabitants escaped, and the .town was found almost completely deserted. However, the archaeological excavation of the ancient beach of Herculaneum brought to light 250 human skeletons. The anthropological study of this material showed that the people died from exposure to the first volcanic surge, a cloud of incandescent dust at the temperature of about 600°C moving at a speed of about 270 Km/h (1) . The mode of death resulted in a perfect state ofpreservation ofthe human 165 bones and the complete sterility of the embedding materials (2) . Paleopathological examination of the human remains demonstrated that Hercolaneum people suffered from all the major types of skeletal diseases, such as trauma (with some cases showing therapeutic treatment) (3), degenerative joint diseases, tumours, and inflammatory reactions (4) . Circumscribed areas of periostitis on the cranial vault reflected localized reactions due to scratching the scalp to ease the irritation caused by head lice, which were microscopically identified on exceptionally well-preserved hairs (5); in particular supra-inion periostitis linked to pediculosis involves 37.6% of the adults, demonstrating the great diffusion of this pathological condition in Hercolaneum. Other localized bony inflammatory reactions were also demonstrated on the plural surfaces of the ribs in 20.4 % of the adults, resulting from bone involvement in plural inflammation. This type of lesion was linked to the continuous exposure to indoor air pollution from smoke produced during the combustion of vegetable materials or animal excrement during (i) cooking, (ii) heating the houses, or (iii) by the combustion of oil in lamps (6) . Localized inflammatory bone reactions were also found on the dorsal surfaces of metatarsals I and V as well as on the superior facets of the tarsal navicular bones; these reactions, present in 25.8% of the adults, were due to local irritation of the periostium from the typical Roman shoes and sandals worn at Herculaneum (4). Local inflammatory reactions affected the maxillary sinus: they were caused by the diffusion of dental infections to the bony floor of Higmoro 's sinus (4) . Examination of the skeletal remains revealed pathological signs of specific bone infections such as brucellosis and tuberculosis, the latter being diagnosed in only two adults; this disease may be linked with the occasional custom of eating the viscera of oxen after ritual sacrifice, as the Romans did not consume bovine milk (7) . Brucellosis, with typical anterior vertebral epiphysitis, was radiologically diagnosed in a very high percentage (17.2 %) of the adults. The Roman consumed sheep's milk, both fresh and in a variety of cheeses (8) , and these foods were found to be contaminated by colonies of perfectly preserved Brucella melitensis (9) . However, non-specific inflammatory bony reactions were very rare in the Roman population of Herculaneum, involving only one adult subject (4). This epidemiological data presents an enigma, a unique picture in studies of archaeological populations, because generalized and non-specific periostitis have invariably been found more frequently in antiquity, indicating poor hygienic conditions typical of all ancient human populations (10) .
We recently extended the microbiological analysis of food remains to all types of foods found at Herculaneum, with the aim of comparing the epidemiological data on inflammatory diseases with data on the microbiological contamination of the foods. We examined olive oil, plum jam, garum (a fermented fish sauce), bean soup with rosemary, dried almonds and walnuts, hard-boiled eggs, wine, bread, dried figs and dried pomegranates. Obviously, the complete analysis of these foods involves an impressive amount ..of laboratory work, although molecular analysis was not possible because the high temperature of the volcanic surge generally dissolved genetic materials.
The preliminary microbiological data show the presence of micro-organisms in all the food sample s. The wine residues unequivocally contain Saccharomyces ellipsoidens (the yeast that transforms grape juice into wine) (Fig. I) . Bread demonstrated a high concentration of Saccharomyces cervisiae colonies in all stages of maturation, including duplication of the yeast (Fig. 2) . On the interior surface of the eggshells we demonstrated also a variety of viral particles and cocciform bacteria, the latter morphologically and dimensionally similar to Salmonellae. Finally, we noted the presence of a massive contamination in both pomegranates and figs. The Scanning Electronic Microscope (SEM) analysis shows the presence of a dense net of pseudo-ifal ramifications, monopodial and unsepted, underneath the rind of pomegranate seeds as well as under the skin of the figs . (Fig. 3) ; this picture is typical of many species of Streptomyces spp., a mould that also today frequently develops on preserved fruits. The Romans used to dehydrate fresh pomegranates and figs, storing them in straw under a weight. This type of preservation allowed the proliferation of moulds such as streptomicetes, that produced natural tetracycline, having bacteriostatic and bactericide effects for the consumers of Hercolaneums.
As described in clinical literature on modem cases ( (13) .
In our population, we examined a sample of 12 subjects: 8 males and 4 females (10 adults and 2 juveniles). We took bone samples from the distal part of the diaphysis of the fibula, and prepared thin sections from 20 Il to 200 Il using a rotating microtome. The histological sections of human bone were observed using the confocal microscope with a special technique recently developed specifically for ancient bones coming from archaeological contexts (14) . Yellow-green fluorescence was observed between 500 and 530 A, showing all the characteristics typical of tetracycline-labeling that occurred in living bone. In fact we observed the fluorescence: (i) only in some osteons, those that were in remodelling phase at the time of absorption, while many other osteons were almost free of autofluorescence; (ii) as wide bands matching to the lamellar bone formed in the osteons at the times corresponding to tetracycline absorption; (iii) in the walls of few osteocytic lacunae; (iv) in Volkmann's and Haversian wall canals (Fig. 4 ). All the samples examined, both of young and adult subjects, showed autoflorescence, though its intensity ranged from one very visible case evident in very thin sections (ca. 20 u) to several very light cases, visible only in the thicker sections (up to 200 u), These results suggest Herculaneum inhabitants to be exposed to natural tetracycline..
Considering the very high frequency of brucellosis in the Herculaneum population, we can speculate that the exposure involved lower doses of tetracycline, probably discontinuously consumed. Today the cure for adults consists of swallowing 3 grams per day of pure tetracycline for a minimum of two months; this protocol is effective only for the initial infection, and chronic cases are more difficult to control. Moreover, the dose and the length of treatment should be significantly increased in cases of "tertiary" localizations, such as the bones and joints.
Pre-Roman and Roman physicians recommended some fresh and conserved fruits, including figs and pomegranates, to treat local inflammation. The pomegranate (called punicum, and imported from Palestine) was described by Hippocrates as an astringent, and Pliny and Dioscoride recommended pomegranate fruits as a gentle laxative. Aulus Cornelius Celsus, during the I century A.D. (the time of the Vesuvius eruption) used fresh and conserved pomegranate fruits to cure tonsillitis, ulcerations of the mouth (aphthae), injuries and suppurative infections of the eye, diarrhea, and the disinfection of gangrene. At the same time, Roman pharmacology suggested the use offigs to treat many infectious diseases; the same fruits, boiled in water, vinegar, or water with the addition of honey, were used to cure pneumonia, gingival inflammation and tonsillitis, skin infection and parotitis, respectively. Despite these data from contemporaneous written sources, the possible use of these foods specifically because of their natural antibiotic content, remains absolutely speculative.
The low level of the natural antibiotics in some foods, even if ineffective against serious and chronic infections, could be useful to protect people from occasional pyogenic infections. We have noted the rarity of the diffusion of dental infections into adjacent bone, as well as the extreme rarity of the non-specific infectious bony reactions (so-called primary osteo-periostitis) in the Herculaneum population; the rarity of these conditions may be speculatively linked to the antibiotic contamination of some foods.
In conclusion, many Roman foods were microbiologically contaminated. Some of them undoubtedly. served as the source of certain serious chronic infections such as tuberculosis and brucellosis. On the other hand, other microbiological contaminations of foods probably conferred some protection against infections, if contaminated by microbial species that produce natural antibiotics. The natural fluorescence of tetracycline-labeled human bones from Herculaneum demonstrates that foods contaminated by Streptomycetes spp. were eaten by inhabitants of that Roman town. Consumption of these foods was intermittent, and the level of natural antibiotics was probably low, but even this low accidental dosage could have been useful in preventing or controlling non-specific infectious diseases, including those that involve skeletal tissues.
